An Environmental Assessment (EA) is one of the steps within the Environmental Impact Assessment process. Birds are often used in EA to help decision makers evaluate potential human impacts from proposed development activities. A "sensitivity to human disturbance" index, created by Parker for all Neotropical species, is commonly considered an ecological indicator. However, this parameter was created subjectively and, for most species, there have been no rigorous field test to validate its effectiveness as such. Therefore, in this study, we aim to: (1) evaluate if, at the local scale, birds from forest patches in a human-modified landscape (HML) may differ in sensitivity from Parker's sensitivity classification; (2) evaluate the effectiveness of the species richness value at each sensitivity level as an ecological indicator;
a b s t r a c t
An Environmental Assessment (EA) is one of the steps within the Environmental Impact Assessment process. Birds are often used in EA to help decision makers evaluate potential human impacts from proposed development activities. A "sensitivity to human disturbance" index, created by Parker III et al. (1996) for all Neotropical species, is commonly considered an ecological indicator. However, this parameter was created subjectively and, for most species, there have been no rigorous field test to validate its effectiveness as such. Therefore, in this study, we aim to: (1) evaluate if, at the local scale, birds from forest patches in a human-modified landscape (HML) may differ in sensitivity from Parker's sensitivity classification; (2) evaluate the effectiveness of the species richness value at each sensitivity level as an ecological indicator;
(3) gather information on how often and in which manner Parker's classification has been used in EA. To do so, bird sampling was performed in eight forest patches in a HML over one year. Then, we created a local sensitivity to disturbance using information about threat, endemism, spatial distribution and relative abundance of all species in the study area. We found that 37% of the forest birds showed different local sensitivity levels when compared with Parker's classification. Our results show that only the richness of high-sensitivity species from our local classification fitted the ecological indicator assumptions helping the environmental conditions evaluation of the studied patches. We conclude that species richness of each Parker's bird sensitivity levels do not necessarily perform as an ecological indicator at the local scale, and particularly in HML. Nevertheless, Parker's Neotropical bird sensitivity classification was used in 50% of EA we reviewed. In these, 76% assumed that it was an accurate ecological indicator of the local forest conditions for birds. The lack of clear criteria used in Parker's classification allows diverse interpretations by ornithologists, and there is no agreement about the ecological meaning of each sensitivity level and what environmental conditions each level may indicate of. Therefore, the use of Parker's classification in EA may jeopardize accurate interpretations of proposed anthropogenic impacts. Furthermore, because a bird species' sensitivity often varies between locations, we argue that Parker's generalized classification of bird sensitivity should not be used as an indicator of forest environmental conditions in EA throughout HMLs in Neotropics. Rather, local bird ecological indices should be explored, otherwise, erroneous predictions of the anthropogenic impacts will continue to be common. © 2016 Elsevier Ltd. All rights reserved.
Introduction
Human impacts on natural ecosystems are ubiquitous, environmentally damaging, and likely to continue for the foreseeable future (Vitousek et al., 1997; Foley et al., 2005) . One important tool to minimize and regulate these impacts is the Environmental Impact Assessment (hereafter EIA) (Glasson and Salvador, 2000; Carroll and Turpin, 2002; Slootweg and Mollinga, 2010; Sánchez and Croal, 2012 ). An EIA is a multidisciplinary and systematic process of evaluating and mitigating the impacts of proposed human development actions, such as industries, housing, infrastructure, mining, agriculture, etc. (Kolhoff et al., 2010; Sánchez and Croal, 2012 ). An EIA typically includes a multidisciplinary Environmental Assessment (hereafter EA), which includes an assessment of the biodiversity occurring in a given area where a potential impact will occur (CONAMA Resolution 001/86, CONAMA Resolution 237/1997, SMA Resolution 49/2014 but see Glasson and Salvador, 2000) . In Brazil, as in many countries , this biodiversity assessment component is meant to help decision makers evaluate the possible environmental consequences of development activities (Glasson and Salvador, 2000; Silveira et al., 2010; Sánchez and Croal, 2012) .
The EA is often limited by funding and time constraints (Thompson et al., 1997; Vasconcelos, 2006; Rajvanshi et al., 2010; Silveira et al., 2010) . Thus, the selection of ecological indicator species can help to expediently assess the ecological condition of the environment under study (e.g., Temple and Wiens, 1989; Dale and Beyeler, 2001; Niemi and McDonald, 2004; Syrbe et al., 2013) , as they may act as a surrogate measurement of other biological groups not accessed (Carignan and Villard, 2002; Niemi and McDonald, 2004) . Birds are frequently used as indicator species (Byron, 2000; Vasconcelos, 2006; Silveira et al., 2010; Straube et al., 2010; Chang et al., 2013) , because they are relatively easy to sample in the field (Gardner et al., 2008) , and they are good indicators of habitat quality (e.g., Temple and Wiens, 1989; Stotz et al., 1996; Bradford et al., 1998; Canterbury et al., 2000; Carignan and Villard, 2002; Sutherland et al., 2004; Sekercioglu, 2006 Sekercioglu, , 2012 Chambers, 2008) . The landmark book "Neotropical Birds: Ecology and Conservation" by Stotz et al. (1996) includes a database with a variety of biological and ecological parameters for all bird species in the Neotropics (see database A, hereafter referenced as Parker III et al., 1996 , as recommended by the authors). Herein, the authors highlight that species are differentially vulnerable to human disturbance. They rank each Neotropical bird species' "sensitivity to disturbance", as "high", "medium" or "low". A common interpretation of this parameter is to deem the occurrence of birds of high-sensitivity at a given site as an indication of good environmental conditions (e.g., Anjos, 2006; Anjos et al., 2009 Anjos et al., , 2010 Loures-Ribeiro et al., 2011) . Consequently, this theoretical assumption fits the requirements of the Brazilian environmental legislation (item I, article 5 • IBAMA Normative Instruction n.146/2007), which suggest biodiversity inventories in EA use ecological indicators (CONAMA Resolution 001/86, Straube et al., 2010) . However, there is uncertainty as to how the "sensitivity to disturbance" parameter is representative of the ecological condition of a given site when used in this manner.
The "sensitivity to disturbance" parameter was created over 25 years ago. It was based on the authors' expertise, as well as reports and experience from other ornithologists about the relative frequency (high, medium, or low) of each species found in association with disturbed patches of its preferred habitat (J.W. Fitzpatrick personal communication, but see "Guide to the databases" on Parker III et al., 1996) . While it was a groundbreaking and highly instructive work in 1996, there is considerable subjectivity in the rankings, and there is now significant evidence that it may be outdated or flawed. For example, some species listed as medium-sensitivity (e.g., Picazuro Pigeon -Patagioenas picazuro; Flavescent Warbler -Myiothlypis flaveola) and high-sensitivity (e.g., Gray-necked Wood-Rail -Aramides cajaneus; Uniform Finch -Haplospiza unicolor; Pavonine Cuckoo -Dromococcyx pavoninus; Red-crowned Ant-Tanager -Habia rubica) are frequently reported at highly impacted sites such as cities and agricultural landscapes (e.g., Oniki, 1987, 2002; Pozza and Pires, 2003; Franz et al., 2010; Cruz and Piratelli, 2011; Ferraz et al., 2012; Alexandrino et al., 2013) . Thus, in order to assess the validity of using Parker's classification, it is important to evaluate whether species respond to human disturbance as expected from this parameter. Besides, taking into consideration that a species conservation status may vary at different geographical scales (Milner-Gulland et al., 2006; Brito et al., 2010) , we may question whether the pan-Neotropical scale used in Parker's classification can efficiently reflect the status of a species' population at regional or local scales. Henle et al. (2004) warn that interactions of species traits and environmental conditions must be considered to predict species sensitivity to human disturbance or habitat fragmentation, a procedure not used in Parker's classification. Only two studies have tested the consistency of Parker's "sensitivity to disturbance" classification in representing the effects of forest habitat loss and fragmentation on birds in Atlantic Forest patches (Ribon et al., 2003; Anjos, 2006) . Besides, there is relatively little research assessing the variability in sensitivity of forest birds to anthropogenic disturbances and fragmentation effects at local scales in human-modified landscapes (HML) (e.g., Ribon et al., 2003; Anjos, 2006; Piratelli et al., 2008; Anjos et al., 2009 Anjos et al., , 2010 Anjos et al., , 2011 Loures-Ribeiro et al., 2011) . This contributes to uncertainty about using Parker's classification in EAs.
Therefore, we test if, at the local scale, forest bird species from patches in a HML may show different levels of sensitivity to disturbance than Parker's classification. To do so, we developed a local metric of sensitivity to disturbance using threat status, endemism, spatial distribution and relative abundance of the species in the study area. We then evaluate the effectiveness of using Parker's classification as an ecological indicator of the effects of the forest habitat loss and fragmentation, by comparing the two classifications. Finally, we review the frequency and manner of use of Parker's classification in EA from a wide range of projects that were environmentally licensed in the last two decades. We conclude with a discussion of the shortcomings of and risk associated with using Parker's classification in EA.
Materials and methods

Study site selection
Field surveys were conducted in the Corumbataí River basin, in east-central São Paulo State (22 • 04 46 S to 22 • 41 28 S; 47 • 26 23 W to 47 • 56 15 W), Brazil (Fig. 1 ). This river basin was originally covered by semi-deciduous seasonal forest (Atlantic forest biome) and sparse savannah woodland (Cerrado biome). However, after years of human modification, it is now composed of small (e.g., Charqueada with around ∼15,000 inhabitants) to medium cities (e.g., Rio Claro with ∼200,000 inhabitants) (IBGE, 2015) surrounded by a predominantly agricultural mosaic. Of the 1710 km 2 in the river basin, 44% is cattle pasture (located mostly in the north), 26% is sugar cane (mostly in the south), 11% is native forest, and 0.7% is savannah woodland (Valente and Vettorazzi, 2003) . The native forest is in small, isolated patches throughout the basin (Valente and Vettorazzi, 2003; e.g., Ferraz et al., 2014) . This region is representative of the Brazilian agricultural landscapes that are found within the original boundaries of the Interior Atlantic Forest biome The letters beside the selected patches indicate for how long the patch major amount is in the landscape. (N -patch predominantly new, O -patch predominantly old) (see Appendix A). "P" means pasture matrix and "C" means sugar cane matrix. The numbers designate the name of each patch selected (e.g., C1N, C1O, C2N, etc.). Land use follows Ferraz et al. (2014) .
(e.g., Ferraz et al., 2014; see Silva and Casteleti, 2003 for further details of the existing biome subdivisions).
In this study, we selected forest patches in five of the six focal landscapes studied by Ferraz et al. (2014) in this HML ( Fig. 1 ). Each focal landscape is 16 km 2 , and includes >70% agricultural matrix (sugar cane or pasture) and >10% native forest. We excluded one focal landscape used by Ferraz et al. (2014) , which was located in a sugar cane matrix, because there were no forest patches that we could sample according to our following selection criteria. For selection of sites, we first used historical images from 1962, 1978, 1995, 2000 and 2008 to identify the predominant age of each forest patch (i.e., for how long the major amount of the patch is present in the landscape). Next, we verified in the field which patches had forest cover matching the most recent satellite image. We also assessed the expected age of succession of the forest (e.g., DeWalt et al., 2003; Chazdon et al., 2007) , and its accessibility. We selected patches that had matching forest succession expected from its predominant age and those which were realistically accessible (i.e., located on public land or on private land with access permission from the landowner). Then, four old patches (the major part of the patch is present on the river basin since 1962 or 1978 images) and four new patches (the major part of the patch was absent in the 1962 and 1978 images and its regeneration started mainly in or after 1995) were selected (see Appendix A). Two patches of each age class were selected in each matrix category (pasture at north and sugarcane at south), for a total of eight patches (Fig. 1 ). This procedure was adopted because studies have shown that the historical degradation of forest patches Lira et al., 2012) and the matrix type (Prevedello and Vieira, 2010) are two driving factors behind bird community composition in HML.
Bird surveys
Both point count and transect methods were used for bird surveys (Bibby et al., 2000; Vielliard et al., 2010) . Using ArcGIS 9.0, point counts were positioned inside the selected patches randomly and at least 200 m apart to avoid redundant samples (e.g., Uezu et al., 2008) . The number of points was proportionally allocated in each forest patch by area (e.g., two points in the smallest, nine points in the largest) ( Fig. 1) . A total of 51 point counts were used. Each point was visited 12 times by a trained observer and sampling took place once per month over November 2011 to November 2012. Point counts lasted 10 min, with an unlimited detection radius (e.g., Anjos et al., 2004; Uezu et al., 2005) but we only considered valid records from species heard or seen in the interior or forest edge (up to canopy). We used the accumulated number of contacts (i.e., each auditory or visual record from distinct individuals) of each species in each point count as a measure of abundance (e.g., Anjos et al., 2004; Bibby et al., 2000; Vielliard et al., 2010) . While conducting point counts, the observer paid constant attention of the direction of visual or audio detection and recorded each contact in a field notebook each 2 min (see notebook page example in Appendix B). These procedures enabled the observer to check if each detection in the field belonged to a new individual or could belong to an already counted individual along the 10 min sampling, helping to avoid recounts. Because of this precaution, when a flock was observed we counted the number of individuals in the flock as many as possible. Transects were allocated in order to connect the point counts in a same patch and they roamed the interior and forest edge depending the point counts position and the field accessibility (see Appendix A). The observer speed walk in transects were not standardized and because of this we only used transect data to complement the bird species list of each patch. The samplings were interrupted during the movement between points located in different patches, which was done by car. Only the period from the sunrise up to 11 am was used, which allowed a mean of six point visited by field day.
In order to avoid sampling bias, the sequence of the point counts sampled was always drawn before the beginning of the fieldwork, and rainy days were not used for sampling. Nomenclature and taxonomic order follow those of the Brazilian Ornithological Records Committee (Comitê Brasileiro de Registros Ornitológicos, 2014).
Local sensitivity to disturbance for forest species
We created a local "sensitivity to disturbance" metric in order to compare with Parker's pan-Neotropical classification, using the same levels of high, medium, and low sensitivity. For this metric we assumed the scale of our analysis to be "local", based on our study area of 16 km 2 in five focal landscapes. Although the sensitivity in Parker III et al. (1996) does not have a clear definition with respect to the type of human disturbance considered, we assumed that this classification was created based on avian responses to the loss and fragmentation of natural habitats. This was the same assumption used by previous studies that also made comparisons with Parker's classification (Ribon et al., 2003; Anjos, 2006) . In addition, since Parker's classification did not have a clear definition of what each level of sensitivity means, we developed our classification based on the knowledge provided by previous studies in the Atlantic Forest biome, which also tested the sensitivity of forest birds to the effects of the forest habitat loss and fragmentation at local scales (e.g., Ribon et al., 2003; Anjos, 2006; Piratelli et al., 2008; Anjos et al., 2009 Anjos et al., , 2010 Loures-Ribeiro et al., 2011) .
We assume that "forest species" are those that prefer at least one Neotropical forest habitat, following the "habitat" parameter used in Parker III et al. (1996) . Although we are investigating potential problems with the "sensitivity to disturbance" measure of Parker III et al. (1996) , we recognize that they provide extensive valuable ecological knowledge about Neotropical birds. Due to their long period of study and the authors' accumulated expertise, they have distinguished 41 Neotropical habitat categories based on how birds appear to use different vegetation types. They considered different categories of forest (F), non-forest (NF) and aquatic Neotropical habitats (A) and assigned for each species their preferred habitats. However, some species may occur in more than one habitat type (Appendix C). Thus, all species that occur in any forest (F), forest and non-forest (F-NF) or forest and aquatic (F-A) habitats (Alexandrino et al., 2013 , see Appendix C) are considered here as forest birds.
Initially, we identified threatened species in São Paulo State (Silveira et al., 2009 ) and Cerrado and Atlantic Forest biome endemic species (Bencke et al., 2006) , because these groups are often considered to be highly sensitive to anthropogenic impacts (Goerck, 1997; Ribon et al., 2003; Anjos et al., 2010) . Then, we ran Indicator Species Analysis (hereafter ISA) (Dufrêne and Legendre, 1997) through the Monte Carlo test (˛ = 1%) in the PCOrd 4.01 package (McCune and Mefford, 1997) as performed in Piratelli et al. (2008) . This analysis combines the frequency of occurrence (days of occurrence on each patch, data from transect and point counts) and abundance of each species (accumulated number of contact on each patch provided by 51 point counts) to generate the Indicator Value (hereafter IV), which indicates the percentage of the individuals of each species that occur in each forest patch. This IV is validated by statistical comparisons of observed results against the IV obtained through randomization of the field data (Dufrêne and Legendre, 1997 ). An ISA test with a significant result (i.e., from the Monte Carlo test F < 0.01) identifies species that have non-random distributions among the patches, suggesting their preference for some over others. Conversely, species with an ISA test that is not statistically significant are considered randomly distributed among the forest patches and without preference. We assume that species associated with only a few patches, as indicated by the IV, have restricted viable populations. This follows the assumption that such species are likely to be more sensitive to disturbance than other Table 1 Criteria used to classify bird species at each level of local sensitivity to human disturbance. ISA = Indicator Species Analysis through the Monte Carlo test in the PCOrd. IV = Indicator Value obtained from ISA test.
Sensitivity levels Classification criteria
High Species cited in some threat status category (independent of their abundance and/or frequency of occurrence), plus endemic species with non-random distribution among the patches with IV for 1-3 patches, as indicated by the ISA test Medium
Endemic species with non-random distribution among the patches with IV for 4-5 patches, plus non-endemic and non-threatened species with non-random distribution among the patches with IV for 1-5 patches Low
Endemic, non-endemic and non-threatened species with non-random distribution among the patches with IV for 6-8 patches, plus species with ISA test not statistically significant (except forest specialist species with field records on four patches or less) species that are widely distributed on the sampled sites (Anjos, 2006; Piratelli et al., 2008) . In our study, we are not concerned with which patch has higher IV for each species. Instead, we are interested in the numbers of patches with significant individual occurrence as indicated by the IV (i.e., IV different from zero). Thus, to develop a reliable sensitivity classification for forest species, we used the ISA results, and endemism and threat status information (Table 1) .
Threatened species were automatically classified as highsensitivity independent of their quantitative data. A regional list of threatened species (e.g., at the state scale) takes into account the habitat conditions and resources used by the species, as well as existing anthropogenic threats in that region (e.g., habitat loss, habitat fragmentation, urban and agricultural expansion, etc) that exert pressure on the habitats and species populations (Gärdenfors et al., 2001; Bressan et al., 2009) . Therefore, even if we observed a wide distribution of a threatened species among the sampling sites, we recognize that these species are in a critical situation on a larger scale. Besides, sites harboring threatened forest species probably have good forest habitat and resources that are infrequent in fragmented landscapes (e.g., Ribon et al., 2003; Bencke et al., 2006; Mendonç a et al., 2009) , which help to support those species in HMLs. Consequently, the threat status is a useful tool for creating a local classification of the sensitivity to the effects of the forest loss and fragmentation (Henle et al., 2004; Hockey and Curtis, 2009) .
Although some studies have considered Atlantic Forest and Cerrado endemic birds as sensitive to forest habitat loss and fragmentation (Goerck, 1997; Ribon et al., 2003; Anjos et al., 2010) , Loures-Ribeiro et al. (2011) did not find them to be necessarily more sensitive to fire disturbance caused by humans in a large forest patch. Besides, our study area is not a center of endemism for species of the Atlantic Forest (see Silva et al., 2004) and is located on the edge of the Cerrado biome where very small and few forest remnants are found (see Silva and Bates, 2002; Kronka et al., 2005) . Thus, many endemic species observed here may also be found in these large biomes (Bencke et al., 2006 ; but see Motta-Junior et al., 2008; Cavarzere et al., 2011; Lima, 2013) . These factors do not allow us to assume that all endemic species have the same tolerance to forest loss and fragmentation, and because of this, we also considered their distribution among the studied patches.
In order to avoid cases of vagrant species and problems associated with bias in the detectability of species documented in low numbers (Thompson, 2002) , only species with at least five accumulated contacts during the one year sampling effort were considered for the ISA procedure. Also, all species with a non-significant ISA test were analyzed in order to identify their distribution among the patches. This procedure avoids cases of species observed only in a few patches but with uniform observations among them, which may cause an ISA result to be insignificant. Thus, species recorded in four patches or less were excluded from our classifications, as it was not safe to assign a low local sensitivity value to them based on limited available data (see Table 1 for the low-sensitivity level criterion). Also, all non-forest species (i.e., the aquatic and/or non-forest species following Alexandrino et al., 2013 classification criteria, see Appendix C) were excluded from our classification.
Local measurement of forest environmental conditions
To assess the potential of each sensitivity level (by local and Parker's classification) acting as an ecological indicator in our forest patches, we used the rank of ecosystem service provisioning, provided by Ferraz et al. (2014) for each 1 ha of our patches as a measurement of the forest environmental conditions. This rank ranges from 3 (low ecosystem services supply) to 13 (high ecosystem services supply) in our study area, and considers the history of degradation and re-growth of each forest patch (i.e., mean forest age) and landscape features (i.e., local forest neighborhood dominance, forest proximity and forest contiguity). Each of these environmental factors is also expected to drive differences in forest bird assemblages in tropical forest habitats (Table 2) . Besides, Ferraz et al. (2014) assumed that forest ecosystem services performance is directly related to the forest structure, composition, and functioning (Martin et al., 2013) , as well as the landscape context, such as available habitat, fragmentation, degree of isolation, and the intensity of edge effects (Banks-Leite et al., 2011) . Because of this, we assume that this ranking is a viable quantification of the existing effects of the forest habitat loss and fragmentation on bird assemblages in our studied forest patches (e.g., Laurance et al., 2002; Fahrig, 2003) . Therefore, forest points with lower scores have elevated levels of habitat loss and fragmentation (poor forest environmental conditions), while those with higher scores are suffering fewer effects (i.e., better forest environmental conditions).
Thus, each forest species from the point count data was classified by both Parker's and our local classification. Our objective was to check whether there was a significant relationship between the rank of ecosystem service provisioning and the species richness of each classification type and their levels of sensitivity. We assumed that species richness Y k for the k-th rank, k = 3, . . ., 13 followed a Poisson distribution with mean k . We then fitted Poisson regression models (McCullagh and Nelder, 1989) with the linear predictor written as log( k ) = ˇ0 + ˇ1r k , r k being the k-th rank. Finally, using likelihood-ratio tests, we tested whether ˇ1 (i.e., the slope of the linear predictor) was equal or statistically different from zero (p = 0.05). If ˇ1 was significantly different from zero it meant that there was a relationship between the variables. Goodness-of-fit was assessed using half-normal plots with simulation envelopes (Demétrio et al., 2014) . All analyses were carried out using statistical software R (R Development Core Team, 2014). For these analyses three point counts located very close to the edge of the C1 focal landscape were not used since the ranking score was not available (see C1 map on the Fig. 1 ).
We expected that the richness of high-sensitivity species would have a strong positive relationship with the ranking of ecosystem service provisioning (regression slope > 0), as sites with less forest degradation should harbor more forest specialist species (e.g., Anjos, 2006; Develey and Martensen, 2006; Martensen et al., 2012; Antunes et al., 2013) . On the contrary, we expected no relationship between the richness of low-sensitivity species and the ranking (slope = 0), as these species should occur in any forest environmental condition (e.g., Anjos, 2006; Franz et al., 2010; Martensen et al., 2012) . For the medium-sensitivity level we expected an Table 2 Brief description of each habitat metric used to generate the final rank of ecosystem services provisioning in Ferraz et al. (2014) and the effects caused by each one on forest bird assemblages. These bird responses justify the usage of this rank as a viable quantification of the existing effects of forest habitat loss and fragmentation on bird assemblages in our studied forest patches.
Habitat metric calculated for each 1 ha forest portion Effect on forest birds
Mean Forest Age -Each portion of the fragment has a different history of deforestation and re-growth. This metric was defined by temporal overlaying of land cover maps from different years, using the difference between the most recent date and the first year of forest occurrence on the map from the past. Old forest portions meant a better final rank score.
The current bird occurrence in forest patches is related to the distinct trajectories of the forest cover and landscape dynamics Lira et al., 2012) as well as the age of the forest patch (Brooks et al., 1999a , Durães et al., 2013 and their successional stage (e.g., Loures-Ribeiro et al., 2011; Modena et al., 2013) .
Local forest neighborhood dominance -Each 1 ha forest cell had eight surrounding 1 ha cells measured in order to calculate the proportion covered by forest. In general, full forest cells surrounded by other full forest cells meant a better final rank score. Thus, this metric takes into account the portion position in the forest (e.g., interior or edge).
Bird assemblage composition and richness in interior and edge of forest patches may be contrasting (e.g., Candido Jr. 2000; Manu et al., 2007; Hansbauer et al., 2008a , Banks-Leite et al., 2010 . The patch isolation degree may influence the forest bird species movement through the landscape (e.g., Awade and Metzger, 2008; Boscolo et al., 2008; Martensen et al., 2008; Marini, 2010; Boscolo and Metzger, 2011) , consequently influencing the colonization process on the patches (e.g., Stouffer et al., 2009 ), which will results in the current species recorded in the patches (e.g., Anjos et al., 2004; Anjos, 2006; Manu et al., 2007; Martensen et al., 2012) .
Forest contiguity -This metric takes into account for each forest cell the relative size of the forest patch in relation to the focal landscape studied (16 km 2 ). Therefore, a forest cell located within a larger forest patch gets a better final rank score.
Forest patch size drives differences in bird assemblage occurrence (Anjos and Boç on, 1999; Stratford and Stouffer, 1999; Anjos et al., 2004; Anjos, 2006; Manu et al., 2007; Martensen et al., 2008; Uezu and Metzger, 2011; .
intermediate result between the high and low relationship, i.e., a slightly positive relationship with the ranking (slope > 0), but with lower slope value than the high level.
Parker's classification in environmental assessments
We reviewed the bird inventories of 50 EA produced between 1996 and 2013 (Appendix D). These assessments, known in Brazil as "Estudos de Impactos Ambientais/Relatório de Impacto Ambiental" and "Relatório Ambiental Preliminar" (Glasson and Salvador, 2000;  CONAMA Resolution 001/86, CONAMA Resolution 237/1997, SMA Resolution 49/2014), were selected randomly at the CETESB library (Environmental Company of the State of São Paulo, responsible for the issuing of environmental licenses in this state), where all such assessments are stored. The EIA process differs between states in Brazil (Glasson and Salvador, 2000) , which may change the results from biodiversity inventories according to the different requirements of each state. Thus, we focused our analysis only on EA completed within São Paulo State. Except for the southeastern part of the state, where a large area of preserved native Atlantic Forest still has full protection ), most of the original Atlantic Forest that covered São Paulo State has been converted to patches of secondary growth forest in an agricultural matrix (Victor et al., 2005; Ribeiro et al., 2009) . Most EIAs in this state have been conducted in HML (e.g., Sánchez and Silvia-Sánchez, 2008 , but see Appendices D and E), similar to our study site. Thus, we believe it appropriate to make inferences from our findings about Parker's classification to these EAs.
First, we checked which EAs used Parker's classification in bird data analysis. For each study that used this classification, we identified the percentage of species from each sensitivity level that were recorded in the field. We then critically read the EAs to answer the following questions: (1) Was forest bird sampling done to assess forest environmental conditions? (2) Were conclusions made about forest environmental conditions based on Parker's classification levels? (3) Did the ornithologists conducting these studies express any concern or disagreement with some aspect of Parker's classification? The answers to these questions were used to understand to what extent Parker's classification has been used as an ecological indicator of environmental conditions of forest patch in EAs.
Results
Local sensitivity to disturbance for forest species
In 447 observation hours, we documented 191 species, 144 of which are forest species (see Appendix F for the rarefaction curves for each sampled patch). Our local classification included eight threatened species and 13 endemic species (one of Cerrado and 12 of Atlantic Forest). Additionally, there were 103 forest species with at least five records in point counts, which were included in the ISA test. Forty-seven species showed non-random distributions between patches, while 56 had a non-significant ISA test result, indicating a random distribution between patches (Appendix G). From these, eight forest species (Elaenia mesoleuca, Hemithraupis guira, Malacoptila striata, Mesembrinibis cayennensis, Saltator similis, Turdus rufiventris, Turdus subalaris and Veniliornis spilogaster) with field records in four or fewer patches were excluded from our classification because their non-significant ISA results were caused by their uniform presence among these patches. Therefore, after filtering these species, 100 forest species were considered in our local sensitivity classification, comprising 70% of all forest species sampled and 52.3% of all species recorded in the field. The other 44 forest species were not considered in our classification, because they had fewer than five records and they were neither threatened nor endemic.
By comparing our local classification with Parker's classification, we found that 63% locally classified forest species showed a same level of sensibility proposed by Parker, while 37% was classified in different levels. Both classifications indicated that our forest bird assemblage was comprised primarily of low-sensitivity species. However, more species were classified in this category with the local classification (63% by Parker's, 75% by local) (Fig. 2) . Of those assigned in a different sensitivity level, 20 species were classified in lower levels and 17 in higher levels when compared with Parker's. Three low-sensitivity species (Bubo virginianus, Chiroxiphia caudata and Hemithraupis ruficapilla) and nine medium-sensitivity species (Amazona aestiva, Antilophia galeata, Campephilus robustus, Cyanoloxia brissonii, Drymophila ferruginea, Lanio penicillatus, Leptodon cayanensis, Mackenziaena severa and Penelope superciliaris) in Parker's classification changed to high-sensitivity in our local classification. These changes were due to the eight threatened species and four endemic species with significant restricted distribution in few patches (up to three patches). Also, five low-sensitivity species in Parker's classification (Capsiempis flaveola, Galbula ruficauda, Herpetotheres cachinnans, Patagioenas cayennensis and Tiaris fuliginosus) changed to medium-sensitivity in the local classification. Although they are not endemic, they showed a restricted distribution (up to five patches). Only one high-sensitivity species in Parker's classification (Habia rubica) decreased to low-sensitivity in our local classification (see Appendix G). This species is neither endemic nor threatened and was randomly distributed among the patches, as pointed by the ISA test (F = 0.047). Nineteen medium-sensitivity species in Parker's classification were changed to low-sensitivity in our local classification. These species were widely recorded in more than five patches, and even included some Atlantic forest endemic species (e.g., Automolus leucophthalmus, Conopophaga lineata and Synallaxis ruficapilla) (Appendix G). Although most forest species (63%) did not change their sensitivity level, we found that the changes to the other 37% did produce differences in the relationship between the forest species richness at each sensitivity level and the rank of ecosystem service provisioning. Analyzing each regression curve individually, the slopes for low and medium sensitivity for our local classification compared with low and high sensitivity for Parker's classification did not significantly differ from zero, indicating no relationship. Only the classifications provided by high local (slope > 0, ˇ1 = 0.3562, SE = 0.0689), low local and low on Parker's classification (slope = 0) and the medium on Parker's classification (slope > 0, ˇ1 = 0.0513, SE = 0.0173) achieved our expected relationship with the ranking (Fig. 3, Table 3 ).
Use of Parker's classification in environmental assessments
Fifty percent (25) of all EAs we reviewed used Parker's classification in their bird inventories. These studies were carried out in different parts of São Paulo State from 2008 to 2013 (Appendices D and E) encompassing different enterprises and types of infrastructure works, including industry and agribusiness activities (7); roads, highways, urban avenues (6); mining activities (3); landfill waste and sewage treatment plants (3); general industry, airport, pipeline gas, subway and urban trains, waterway, hydroelectric power plant and waste-to-energy power plant (one study each) (see Appendix D). All of these studies sampled forest patches. Nineteen studies (76% of the studies that used Parker's classification) made conclusions about the forest environmental conditions based on the results of the sensitivity levels of the bird assemblages, thus using Parker's classification as an ecological indicator. Five studies could not support their conclusions about the forest environmental conditions using Parker's classification. Only one study used this parameter combined with other ecological and biological metrics (e.g., species frequency of occurrence, relative abundance, trophic guilds, threat status and endemism) to support the arguments about the forest conditions. Three studies disagreed with Parker's classification for some species. These ornithologists argued for long-term studies to understand the true impacts of the proposed activity on the bird assemblages. In addition, all the users reported high richness of low-sensitivity birds (ranging from 50% to 95% of the species recorded), followed by medium-sensitivity (ranging from 4% to 52%) with few or complete absence of highsensitivity birds (ranging from 0% to 10%) (see Appendix D).
Discussion
Local sensitivity to disturbance
Our results show that the level of sensitivity to forest habitat loss and fragmentation for forest species is not necessarily the same at continental (Neotropical) and local scales. Comparing our local classification with previous research that tested forest bird sensitivity to habitat loss and fragmentation effects in Atlantic Forest patches, we identified a lack of pattern of sensitivity for some species at local scales. For example, Habia rubica was considered a good bioindicator for large patches in the Rio de Janeiro State (Piratelli et al., 2008, approximately 650 km to the east of our study area) and vulnerable to local extinction in the Minas Gerais State (Ribon et al., 2003, approximately 670 km to the northeast of our study area). In addition, this species was highly sensitive to the simplification of the forest structure caused by fire in the Rio Doce State Park (Loures- Ribeiro et al., 2011 , approximately 800 km to the northeast of our study area in the Minas Gerais State), one of the largest remnants of Interior Atlantic Forest. These studies could corroborate the high level of sensitivity assigned by Parker's classification. However, in the patches of northern Paraná State (approximately 500 km to the southwest of our study area) this species was considered to have low-sensitivity to forest fragmentation (Anjos, 2006) , as we also observed. Another example is Penelope superciliaris, which is considered high-sensitivity in our study and critically endangered with local extinction by Ribon et al. (2003) , but was considered to have low-sensitivity to the simplification of the forest structure in Loures- Ribeiro et al. (2011 ), while in Parker III et al. (1996 it is considered as medium-sensitivity.
One possible reason for this variation is the location of the study area. Species' populations on the edges of their geographical distributions may have higher sensitivity to forest fragmentation than those located in the center of the distribution (Anjos, 2006; Mendonç a et al., 2009; Anjos et al., 2010) . The recruitment of new individuals in populations of forest patches located on the geographical edge may be smaller as the distance to the species' center of distribution increases (Channell and Lomolino, 2000) . Also, the landscape composition, configuration and history of fragmentation are factors that may exert selectivity on wild populations (Fahrig, 2003; Boscolo and Metzger, 2009; Metzger et al., 2009; Pardini et al., 2009; Prevedello and Vieira, 2010; Boscolo and Metzger, 2011; Lira et al., 2012; Martensen et al., 2012) . Thus, each landscape context likely leads to distinct selective processes, and consequently favors different species (Watson et al., 2005; Nabe-Nielsen et al., 2010) . Other factors of human action, such as hunting pressures and introduction of exotic species, may also contribute to bird local sensitivity (e.g., Thiollay, 2005; Alexandrino et al., 2012) , although they were not tested yet. Another source of variation could be the lack of standardized ecological criteria chosen in the creation of each of the sensitivity levels in different studies. As already mentioned, Parker III et al. (1996) did not use clear criteria in their classification. Anjos (2006) and Loures-Ribeiro et al. (2011) considered only species occurrence at the sampled sites as a criterion to classify the species sensitivity. For example, while Fig. 3 . Poisson regression curves of species richness for each classification type and their levels against the rank of ecosystem service provisioning (provided by Ferraz et al., 2014) for each 1 ha of our patches. This rank is a measurement of the existing forest environmental conditions. Lower scores mean elevated levels of habitat loss and fragmentation while higher scores mean the opposite.
high-sensitivity species in Anjos (2006) were those with exclusive occurrence in larger and preserved patches (14 forest patches were studied), Loures- Ribeiro et al. (2011) assigned high-sensitivity to species that occurred only in the non-disturbed area in the Rio Doce State Park. In Piratelli et al. (2008) , the species' relative abundance in the studied patches (six forest patches were studied) was considered to qualify them as bioindicators of forest fragmentation effects, but the species' occurrence in the largest patch also exerted high influence in the classifications, as done in Anjos (2006) . In Ribon et al. (2003) the species' local extinction threat was assessed through the comparison of historical and recent records. However, in our study area there are no large and preserved patches nearby to use as "control patches" as Anjos (2006) and Piratelli et al. (2008) did, there are no available historical ornithological records and the forest patches have different history of degradation and re-growth (e.g., Ferraz et al., 2014) , a complex situation. Thus, we necessarily considered other criteria to develop our three local levels of sensitivity, which was based on the knowledge provided by all these studies.
As the number of patches available to conduct our study was small (eight), we did not limited our classifications based only on bird occurrence and abundance. Data only from these patches are not enough to visualize at the present time the species' response to a prior process of fragmentation and habitat loss (e.g., Ewers Table 3 The relationship between richness of each classification type and the rank of ecosystem service provisioning (provided by Ferraz et al., 2014) found in the studied patches. Results from likelihood-ratio tests for nested models to test whether the slope observed (ˇ1 obs) did not differ statistically from 0 for each individual Poisson regression (Dev -Deviance, df -degrees of freedom, * indicate significance at 5% probability level). Slopes different from 0 mean that the respective level of sensitivity has a relationship with the rank of ecosystem service provisioning.
Local
Parker's classification and Didham, 2006) , which started in our focal landscapes many years ago (see Ferraz et al., 2014) . Thus, we considered the threat status and endemism as useful criteria to represent the historical species population responses to the fragmentation process. Threat species was considered high sensitivity because regional red list calls attention for the decreasing number of the species population and its regional distribution, and the future scenario of impacts (Gärdenfors et al., 2001; Bressan et al., 2009) . Endemism was joined with occurrence and abundance field data because not all endemic birds are considered vulnerable to the fragmentation process (Brooks et al., 1999b . However, we could not ignore that endemism was already shown as precursor to the local extinction threat (e.g., Ribon et al., 2003) . Because of this we treated endemism as fewer critic characteristic in the classification process. These precautions diminished our subjectivity in weighting the three local sensitivity levels, a procedure that certainly contributed to generate different levels of sensitivity for some studied species. Previous studies at local scales help to explain the differences in species richness for each sensitivity level. In Martensen et al. (2012) , three Atlantic Forest landscapes of 108 km 2 with different amounts of forest habitat were investigated. They found that the richness of Parker's high-sensitivity species increased in landscapes with 50% of forest habitat available (i.e., the best landscape studied). Similarly, in a landscape of 120 km 2 with abundant forest habitat, Ribon et al. (2003) reported that Parker's high-sensitivity species (i.e., 18 species) have higher occurrences during a time when the human impacts were lower in the studied area. Because we studied smaller (five landscapes of 16 km 2 ) and highly deforested (11% forest cover) landscapes, and we observed only one high-sensitivity species according to Parker, we believe that higher richness of Parker's high-sensitivity species are primarily found in less deforested and impacted landscapes. Other studies performed in larger and protected Atlantic Forest patches also found elevated richness of high-sensitivity species, corroborating our assumption (e.g., more than 15 forest high-sensitivity species were reported in Develey and Martensen, 2006; Cavarzere et al., 2009; Antunes et al., 2013) . This condition may explain the lack of relationship between Parker's high-sensitivity species and the variation of forest environmental conditions in more disturbed landscapes.
Species belonging to medium-sensitivity on Parker's classification tend to have intermediate richness levels between the high and low sensitivity species in forest patches of fragmented landscapes (e.g., Ribon et al., 2003; Franz et al., 2010; Arendt et al., 2012; Martensen et al., 2012) . Even though we found the same result, we observed that the species we documented in this category encompass forest species very common in disturbed sites (e.g., Patagioenas picazuro, Tangara cayana, Brotogeris chiriri, Tolmomyias sulphurescens, Icterus pyrrhopterus), even urban zones (e.g., Franz et al., 2010; Cruz and Piratelli, 2011; Alexandrino et al., 2013) , but also include some species naturally considered more vulnerable to habitat loss and fragmentation, such as endemic (e.g., Automolus leucophthalmus, Conopophaga lineata, Drymophila ferruginea, Mackenziaena severa) and near-threatened and threatened species (e.g., the near threatened species Amazona aestiva, Antilophia galeata, Campephilus robustus, Leptodon cayanensis and Penelope superciliaris, the vulnerable species Cyanoloxia brissonii, and the endangered species Lanio penicillatus). These last are mainly reported in large and preserved patches (e.g., Anjos, 2006; Develey and Martensen, 2006; Cavarzere et al., 2009; Antunes et al., 2013) . Thus, we noticed that the existing relationship between the richness of Parker's medium-sensitivity level and our measurement of forest environmental conditions (i.e., the rank of ecosystem service provisioning from Ferraz et al., 2014) has occurred in our study area only by the presence of these listed species. In our local medium-sensitivity criterion, all threatened or endemic species (with limited distribution) considered medium-sensitivity in Parker's classification were classified as high-sensitivity, while those common species were classified as having low-sensitivity (Fig. 2, Appendix G) . This resulted in a low richness value of species belonging to local medium-sensitivity, which did not correlate with the existing measurement of forest environmental conditions in the study area.
Meanwhile, the richness of species belonging to low-sensitivity was high in both classifications. The richness of Parker's lowsensitivity tends to be higher in HML (Willis and Oniki, 2002; Pozza and Pires, 2003; Anjos, 2006; Franz et al., 2010; Arendt et al., 2012; Cruz and Piratelli, 2011; Alexandrino et al., 2013) . Martensen et al. (2012) showed that the richness of this level was higher in a landscape with little forest habitat available (11%), a similar environmental scenario as we studied. In addition, Ribon et al. (2003) showed that bird species of this sensitivity level have a small probability of local extinction in anthropogenic landscapes. These references suggest that these species will always be commonly observed in HML. However, our results indicate that even with a cautious local sensitivity classification, the richness of lowsensitivity species will not vary significantly along a gradient of environmental conditions in a HML. This is the same pattern seen with Parker's classification.
Parker's classification as an ecological indicator
Species and assemblages are part of the composition of an ecological system (Angermeier and Karr, 1994; Niemi and McDonald, 2004; Karr, 2006 ). An ecological indicator is considered valid if it is able to measure this composition in order to assess the condition of the environment or to diagnose the cause of an environmental change (Dale and Beyeler, 2001) . Furthermore, a good ecological indicator is supposed to be highly sensitive to a particular stress, have a known response to disturbance or anthropogenic stress and be easily understood by the public (Dale and Beyeler, 2001; Niemi and McDonald, 2004) . Although the richness of each Parker's classification level of sensitivity is easy to consult and theoretically simple to understand, we found that the effects of forest habitat loss and fragmentation represented through birds will only be demonstrated by Parker's classification if there are high-sensitivity species in the area under study. In this manner, Parker's classification would fulfill the ecological indicator assumption (at least for one level of the classification). However, our results suggest that Parker's classification could not be used as a forest habitat ecological indicator of patches in highly deforested landscapes, as most of the populations of Parker's high-sensitivity species likely disappeared from such sites years ago (e.g., Ribon et al., 2003) . Besides, even though the richness of medium-sensitivity species by Parker's classification may show a viable number of species sufficient to run statistical tests on, the usage of a group of species that suffer slightly with human disturbances does not meet the ecological indicator assumption. As the sensitivity to fragmentation may be related to the location of the study area (Anjos, 2006; Anjos et al., 2010) , it is not possible to ensure that Parker's medium-sensitivity reflects the effects of forest fragmentation in all landscapes. Also, the richness of low-sensitivity species cannot be used as an ecological indicator, as these species are not related to any specific forest environmental conditions.
Our results suggest that the safest way to assess existing forest habitat loss and fragmentation effects in a highly fragmented landscape using forest bird assemblages is to identify high-sensitivity species at the local scale (Fig. 3) . This procedure was the only one that achieved the ecological indicator assumption (Dale and Beyeler, 2001; Carignan and Villard, 2002; Niemi and McDonald, 2004) .
The usage of Parker's classification
Parker's classification was used in 50% of the EAs we surveyed. Nonetheless, we found that the majority of the ornithologists that used Parker's classification used it as a reliable ecological indicator. Also, most do not account for the possibility of forest species having different sensitivity to disturbance at different scales of analysis, as very few studies have expressed concern or disagreement with Parker's classification. The users also seem unfamiliar with the existing recommendations in the book : although the assumptions behind Parker's classification are not clear, Stotz et al. (1996) explain in the introduction of the book that this classification is mainly intended for researchers to pinpoint regions and habitats with threatened communities for conservation purposes. The authors urge users to devise their own analyses, tailoring them to local needs and local comparisons.
However, ornithologists that have used Parker's classification in EAs have tried to explain the richness found at each level in their study area using different arguments. Some have explained the lack of more high-sensitivity species in their study area by arguing that these species have naturally small populations, or because they are threatened and are hard to detect in limited field surveys. In the same way, all EAs considered that the presence of low-sensitivity species indicates a high degree of disturbance in the study area regardless of the scale of analysis. Some EAs assumed that the medium-sensitivity level was comparable to the high-sensitivity level to indicate environmental conditions, particularly when few high-sensitivity species were found in the study. These different explanations and treatments are proof that the lack of clear criteria used in Parker's classification allow for diverse interpretations, where often a variety of ecological concepts (i.e., rarity pattern, relative abundance, spatial distribution, detectability) are mixed together with subjective weights.
EIAs are one of the few internationally recognized and often legally embedded instruments to predict and minimize the potential consequences of human activities on the environment (Glasson and Salvador, 2000; Carroll and Turpin, 2002; Slootweg and Mollinga, 2010; Sánchez and Croal, 2012) . Appropriate environmental organizations such as research institutions, universities, governmental departments and NGOs that monitor wildlife are encouraged to be consulted during the EAs, which may improve biodiversity assessments in the sites under investigation (Byron, 2000; Rajvanshi et al., 2010) . However, in countries with few centers of ornithological research and a lack of available data from citizen science (e.g., Sullivan et al., 2014) , environmental consultants may have little support to discuss their data in the time available for their EAs. Within the EIA process in Brazil, the enterprises have a mean of only a few months to conduct their EAs during the request for environmental licenses (Glasson and Salvador, 2000 ; CONAMA Resolution 001/86, CONAMA Resolution 237/1997, SMA Resolution 49/2014). This is a short period for bird sampling, analyses and final reporting (Vasconcelos, 2006; Silveira et al., 2010; Straube et al., 2010) which may force many ornithologists to use existing parameters that are easy to consult, as the Parker's classification, instead of adapting a more local metric. Also, considering that the environmental managers and policy makers ask for ecological indicators that are understood by the public (Schiller et al., 2001; Carignan and Villard, 2002; Niemi and McDonald, 2004) , it makes sense that practitioners try to recognize the current condition of the ecosystems and predict the future for the wildlife and their habitat by resorting to simple and easily interpreted ecological parameters, such as Parker's classification.
Also, the ubiquitous usage of Parker's classification in academic studies in the Neotropics may be an additional reason for the continuing usage of this metric in EAs. Since its publication, this parameter has been used in many studies, as an untreated dependent variable, associated with other parameters to test the effects of fragmentation and landscape features in bird assemblages (e.g., Petit and Petit, 2003; Uezu et al., 2005; Barlow et al., 2006; Edwards 2006, Feeley et al., 2007; Hansbauer et al., 2008b; Lees and Peres, 2008; Martensen et al., 2008 Martensen et al., , 2012 Ferraz et al., 2012; Banks-Leite et al., 2013) , as a parameter to support discussions about human disturbance effects on birds and habitat conditions (e.g., Woltmann, 2003; Oostra et al., 2008; Giacomo and Casenave, 2010; Lobo-Araújo et al., 2013) and to characterize the bird communities at a given site (e.g., Matlock Jr et al., 2002; Tejeda-Cruz and Sutherland, 2004; Franz et al., 2010; Arendt et al., 2012; Lyra-Neves et al., 2012) . However, being the most used ecological indicator in the scientific literature does not mean that it is suitable for all types of environmental assessment (Dale and Beyeler, 2001; Carignan and Villard, 2002) . Ignoring this fact in the EA may jeopardize the real interpretation of impacts that development could cause to wildlife and habitats (e.g., Thompson et al., 1997) .
Final considerations
Our results highlight that different environmental conclusions can be made depending on the sensitivity classification used (local vs. Parker's classification). The richness of high-sensitivity species from Parker's classification could fail to predict the environmental conditions of patches at local scales of highly disturbed landscapes in the Neotropics. Therefore, taking into account that EAs are frequently conducted in landscapes with similar conditions to those of our study area (i.e., away from the largest patches of tropical forest, see Appendices D and E), we disagree that environmental analyses made under Parker's classification assumptions provide rigorous support for environmental decision-making in these HML. We suggest that future EAs in deforested landscapes avoid using Parker's classification as an ecological indicator.
Also, we must warn that our local sensitivity levels of forest species are not replicable for other similar landscapes or local scale analyses. Bird communities may have varying responses to habitat fragmentation in different landscapes (Watson et al., 2005; Anjos, 2006; Anjos et al., 2009 Anjos et al., , 2010 . No matter the criteria used in each study to classify species' sensitivity status, it seems that there will always be a chance to find a species with different level than assigned in Parker's classification. Thus, we encourage professionals to explore local approaches that may reflect the local avifauna conditions to help assess the existing forest habitat loss and fragmentation effects on the patches. We showed that threat status, endemism, spatial distribution and relative abundance may be useful data.
As in many regions of the world, the Neotropics encompass countries with ongoing economic development where cities and rural areas are continuously growing (Ellis and Ramankutty, 2008; Seto et al., 2012) , often into forested areas Wright, 2010; Verdade et al., 2012) . EIA are an important mechanism for strategically planning this growth in an environmentally friendly fashion. However, our study warns about the necessity of continuous evaluation on the approaches used in the biodiversity assessment portion of the EA, in order to improve the quality of assessments. In a time when there is growing interest in the potential ecosystem services provided by tropical forest patches in anthropogenic landscapes around the world (e.g., Uezu et al., 2008; Tabarelli et al., 2010; Muñoz et al., 2013; Melo et al., 2013; Ferraz et al., 2014) , it is necessary that consultants, environmental decision makers, and field biologists ensure that their approaches are useful in supporting their decisions (Walsh et al., 2014) . Otherwise, erroneous predictions of the ecological impacts of proposed infrastructure works will continue to be common worldwide, putting the objectives of EIA at risk (e.g., Thompson et al., 1997) .
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